Sophomore-level engineering classes often do not require students to find properties or processes in the literature, as advanced engineering courses do. Using the literature to find information is often considered part of fulfilling ABET outcome i: a recognition of the need for, and an ability to engage in, lifelong learning. The design project in a sophomore-level course was based on an article in Chemical Engineering Progress, and students were surveyed about confidence in ability to understand similar articles before, during, and after completing the design project.
Introduction
When CEP published an article on organic Rankine cycles and included flowsheets 1 , a design project was created for an introductory thermodynamics class that required the students to reproduce the calculations presented in the flowsheet as well as create their own modified cycle. A research question associated with this project is whether the in-depth work with the article increases student confidence in lifelong learning skills.
Criterion 3i of ABET's Engineering Accreditation Commission is that students will have "a recognition of the need for, and an ability to engage in lifelong learning" 2 . The attributes of a lifelong learner include "a sense of personal agency" 3 : students must feel that they can successfully use the information available to them to learn something new. Mourtos states that students must be able to "read critically and assess the quality of information" 4 , and this project had the student verify the calculation of the turbine and pump powers given in paper using the given flowsheet information. Another skill in Mourtos's work is "synthesize new concepts by making connections, transferring prior knowledge, and generalizing". The students were asked Page 26.1655.2
to add a closed feedwater heater to the article's Rankine cycle, which made a connection between their coursework and the article and transferred the prior knowledge from the course to the design project. The students were also asked to examine different pressures for that feedwater heater and recommend the best design from among the paper's Rankine cycle, the paper's Rankine cycle with a regenerator, and the students' own Rankine cycles with feedwater heaters. These pressure designs and recommendation asked the students to generalize. The design project engaged the students in skills that they need for lifelong learning, but did the project increase their confidence in their lifelong learning skills?
It could be argued that CEP is really a magazine instead of a journal, but the students may be intimidated by it just as much. As bachelor-level engineers, they are likely to start with CEP and move deeper into the literature as needed. They need confidence that they can understand the articles of CEP as well as those of journals.
Methods
Participants were recruited from a course taught by the researcher. No extra credit was given for participation, and participation was voluntary. Paper surveys (Appendix A) were distributed at the end of three lectures. The surveys asked basic demographics questions as well as how many journal articles that student had read before and in what context. The content questions asked how well the student understood the article, could follow the thermodynamic modifications of the article, and reproduce the calculations. The survey also asked if a student finishing the course should be able to understand the article and about the student's confidence in understanding and reproducing calculations of similar articles. The last two questions, confidence about similar articles, were considered to be the primary indicators of confidence in lifelong learning abilities. These content questions used a 5-point Likert scale with 1 being a low response and 5 being a high response. A question on the last survey asked if any of the student's other courses that semester had used a journal article.
The course grader collected the surveys, coded the participants, and entered the survey data. The survey was given three times during the semester: before Rankine cycles were covered in any coursework (the pre survey), after the homework assignment on Rankine cycles with regeneration was due (post-HW survey), and after the project was due (post-project survey). Pre and post-HW surveys were compared with a one-tailed paired t-test, and post-HW and postproject surveys were compared the same way. The confidence of students who had previously read journal articles was compared to those who had not.
Between the pre survey and the post-HW survey, the students attended lectures on Rankine cycles with modifications and did two homework assignments with problems on Rankine cycles with modifications. Attendance was required, and the lectures were fairly traditional with a daily group quiz to break up the lecture material. Between the post-HW survey and the post-project survey, the only student interaction with the material was through their design team work on the project. The design project (Appendix B) was a group project with teams formed by the professor using Team-Maker 5 with similar schedules and disparate GPAs and majors. The Page 26.1655.3
project was the only work the team did together. Teamwork evaluations were done by CATME 5 twice during the project.
Results and Discussion
Survey responses were collected from 34 different students over the three surveys. There were 39 possible participants. Demographics of the participants are given in Table 1 . The majority of the participants were male petroleum engineering majors who were taking the course on-track in the fall of the sophomore year. [10% of the undergraduate enrollment for the entire university is petroleum engineering majors, so the high number of petroleum engineering participants is not surprising.] One junior and one senior reported being in their first semesters at the university, so they may have been transfer students. The participants were surveyed about the number of journal articles they had read previously and if those were for a course or for undergraduate research. Details are given in Table 2 . Almost half (15 of 34) of the participants had read a journal article before. Five of the students had done undergraduate research, but only one of them had read a journal article with that research work. It is surprising that student researchers had not encountered a journal article, even if they had Page 26.1655.4
been in research groups for a month or two. Only six students reported a previous course using a journal article. Two of those students who had read a journal article in a previous course were upperclassmen, and how early the journal articles were used is unknown. The majority of the students who had read a journal article apparently did so out of their own interest. Students who did have previous article-reading experience tended to rate the survey questions lower, although it is doubtful that any differences are significant. Although nearly half of the participants had read a journal article before, a sophomore course still represents a good opportunity to introduce technical literature. Nineteen participants completed both pre and post-HW surveys. As expected, the survey responses were higher for all six research questions after the students had worked homework on the material than before the material was covered at all in the course. The responses were significantly higher for only three research questions, as shown in Table 3 . The students started off lower in their confidence to reproduce the calculations of the article and of similar articles, so the scores for those two questions had the most room for improvement. Lectures and a homework assignment did greatly boost their confidence in being able to do the calculations of this article. It is interesting that confidence in performing calculations of similar articles was boosted almost as much. The only other significant change was that the students agreed more that the article was written at a level appropriate for students completing the course, as was written at the top of the survey. The post-HW and post-project surveys were completed by 18 participants, with the t-test results presented in Table 4 . The means for the post-HW surveys are slightly lower in Table 4 than in Table 3 because the two participant sets overlap for only 17 participants. Again, the average responses to all six questions increased after working the design project, as expected. The increase is significant for all six questions for post-HW to post-project. The extra work done with the article material during the project made a big difference in the participants' confidence in working with the literature. Working the project seemed to have a greater effect on the participants' confidence than lectures and homework. Table 5 compares the increase in the means of the survey questions between the pre survey and post-HW survey to those for the post-HW to post-project survey. Table 5 shows that working on the projected increased the survey means more than the homework and lecture for all but the "reproduce calculations" and "reproduce similar calculations" questions. Given the literature on the effectiveness of active engagement with material in student learning, it is not surprising that the effectiveness of active engagement carries over to confidence in lifelong learning skills. All of the fifteen students who answered the final question about whether any of their other classes had used a journal article this semester answered no. Combined with data presented earlier about use of journal articles in research and earlier coursework, sophomore-level courses offer a good opportunity for the first formal exposure to a journal article.
This design project was similar to two of the steps in the C.R.E.A.T.E. course 6 : Analyze and interpret the data and Think of the next Experiment. In the C.R.E.A.T.E. course, the students imagine that they are scientists interpreting journal articles so they can continue the research into the next step. In this project, the students checked the calculations of the article so they could continue with another design and compare all three. Participants in this study showed an increase in their confidence in understanding literature, just as the students in the C.R.E.A.T.E. course. Students in the C.R.E.A.T.E. course showed other improvements since it is a much larger intervention with students, but this one design project fits seamlessly into existing courses and still improves student confidence with articles.
Although this design project was done with a sophomore introductory thermodynamics course, other similar articles exist for thermodynamics as well as fluid mechanics, heat transfer, and separations [7] [8] [9] [10] [11] [12] . Students in these junior-level courses would likely benefit from a boost in confidence after working a design project based on these articles as well.
Conclusions
Student confidence in understanding and reproducing calculations of a journal article was surveyed before the topic was covered in the course, after completing homework on the topic, and after completing a design project based on an article. Participant confidence in ability to do calculations in articles and that the article was written at the student's level were the only survey questions that increased with the lectures and homework. The means to all six survey questions increased from the post-homework survey to the post-project survey, including participant confidence in understanding articles and following the thermodynamics. Basing a sophomore design project on an article was an effective way to increase student confidence in lifelong learning ability.
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·ºC for the condenser U = 25 W/m 2 ·ºC for the high temperature heat exchanger (1) CAP ($) is the total installed cost for the pump, heat exchangers, and the turbine, AOC ($/y) is the annual operating cost, which is the utility cost for the condenser, and R ($/y) is the annual savings from the electricity generated. The factor 0.20 includes a 15% rate of return on investment and a ten-year plant life. 
